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LOW-INJECTION PRESSURES 
By A . M. Roth r ~ck and C. D . Waldron 
SULlmary 
This report presents th e results of tests co~duct ed 
at t~e Lan g ley Eemorial Ae ronautical Laboratory, Lang l ey 
Field, Va., to determin e some of the charact er i stics of 
t ~e fuel s p ray s obtained fro m an O. OOS- i n ch and a 0. 020-
inc~ ope~ nozzl e when i~jection pres sures fro m 100 to 500 
p Olnd s pe r square inc~ were used. Fuel oil ~n~ ga soline 
were in jecte d into air at densities of at mospheric and 
0 . ~25 pound per cubic foot . 
It was found that the pene tration rate at these lo ~ 
pressures wa s abou t t ~ e same a s the rate obtained with 
h i ~~e r p res s~res . Sp ray cone-angles were small and in d i-
vi ~ual o il d rops were visible in all the sprays. Gasoline 
an d f u el oil spray s h ad similar characteristics . 
Introdu ction 
I nterest h a s recently been shown in spar~-i gnition 
e ng ines using ga soline or Diesel oil and having the fuel 
i njected into the inlet manifo ld or into the engine cyl -
in a.a r do.l.ring t h e s u ction and compression stroke when t h e 
~ir denoity is low. Since in this t yp e o f engine inj ec-
ti on p r 8ssur e s of several t hou sand pounds per sqlare inch 
ar e ~ot requi red to give t ~ e necessary fuel spray p en e tra-
tion witb round- hole orifice3, a lo w-uressure inj e ction 
s y st em cou l d be used , provided that t~e low-injection 
pr e s sur e g ave suf fi cient atomization and dispersion of 
t ~e f uel spray . Conseque ntly , it seemed desirable to in-
v es ti~at e t he characteristics of t~e s p r a ys p rod~ce d with 
low-injection p r es Gu res. To do this, several series of 
hieh- speed Dat io n p ictures of suc~ spray s were obtained 
a t the Lang ley Men o rial Aeronautical Laboratory, Lang ley 
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Fi e 1 d , Va. . T his r ep or t pre sen t s the r e su I t s 0 f t h e in-
vesti ga tion . 
Apparatus and Meth ods 
T~le a pparatus \;I.S8el was th e N .A.C . .J: •• , ~p ray ph oto g raphy 
e qn i pme nt whicl1. is des cribed in reference 1 . A diag r am-
mati c s::e tc h of the injection syste m is shown in Figur e l. 
The ba l l ch ec k v alv e mounted in the ope n noz z l e holde r i s 
sh own in Figure 2 . Th i s system gave one inj e ction of fuel 
i n t o a chamb er wi th g l ass win d ows wh il e 25 e lectric con-
dens e r s wer e suc c essively disc~ar g ed at the rate of 2 , 000 
pe r se cond a c rOSS a spark gap in a reflector . Th e light 
from th e se dischar ge s wa s f ocuse d by th e r eflector onto 
t~o fu~l s p r ay . In t he ca me ra a fi l m mov i n g at th e r ate 
o£ 2 , 000 inche s pe r s e c ond recor ded a p ic t ure of t e sp r ay 
each time it wa s illu8 i nated by a s pa r~ d isch arge . 
Th e s te e l i nje c tio n tub e wa s 50 inc hes long and had 
an in s i d e a nd an outsi de d i ame t e r of on e- e i gh t h and on8-
fourt h in c h , respe ctiv e ly . 
T~e v alues of s p ~ay- tip p en e t r a tion were obtained by 
drBTIin~ a s moo t h c u rv e th r ough t~e tips of t h e s p r ay. i wages 
on ea c~i f i Ii and then :".le a SD.r i ng the h e i g h t of til. i s curve 
at va~ ious time positions . The st a rt of th e spray was con-
sid e r ed as t~e p Oint at which thi s curve in te rsect ed a 
~or i zonta l line drawn thr ough th e i mage s o f the dis charge 
orific e . 
~h e i ma~es of t~e spr a ys wer e examine d f or d istin-
~u i shable 11e l d rops . Nothing more than t hi s could be 
l earned about atom iza t ion in the s p ray s from the examina~ 
tion of t :l e ph ot ographs , for , a c cordin g to Lee (r efe r ence 
2 )~ t~G exte rn a l appearanc e of a spray g iv es lit tle i n -
d ic at ion of t he actual atomization or d istributi on in the 
sp r ay . S eve r al p ictures we r e take n und er th e saDe co n-
~i ti ons for e ac~ test . T~e variati on in penetrat ion ~as 
no t la r ge , being about t ~e s ame as t~a t fo und by Bear d-
sley (ref oren c e 3 ) wh e n he d id not cont rol t~e ini tial 
p re ssure in the injection tube . The s me t r ouble was 
exper ienc ed with ai r i n t~ e syst em as dis cusse d in re fe r-
e nc e 4 . The difficult~r wa s eli r-lina t ed , as b efo r e , b y 
carefully fillin~ t~e li~e w it ~ fue l before ea ch inj ec -
tion . 
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Tests were made with a 0.02 0- inch or i fice with a 
lenc; th- d.i ameter ratio of 2 and an o .ooa" d. iameter orifice 
wi th a l engt h - diameter rat i o of.l/a, first wit h no check 
valve i n the line and then with the ball check val v e, 
which had an opening p r essure of 14 5 to 1 30 pounds per 
square inc h . The inje c tion. p ressur e s were vari e d fro m 
100 to 500 p ounds pe r squa r e · inc h . Bot~ atmospheric 
( 0 . 07 65 pound per cubic foot ) and 0 . 325 p ound per cubi c 
foot (50 pounds per square i nch p r essu r e) chamber air 
densities were used. Th e air in t he ch a mbe r was at room 
temperatu r e. 
Th e fuels test ed were fuel oil a nd ga3 01ine. The 
fuel oil had a s pec ific g ravity of 0 . 83 an d a viscosit y 
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of 0 . 0221 p Oi se at 100 0 F . The g as olin e h ad a specific 
gravity of 0 . 7 5 and a vis c osit y of 0 . 007 9 .p oise at 100 0 F . 
Test Results and Di s 
Figu r e 3 shows . thr ee series of photo g raphs obt a i ned 
wit h t~e Ga sol i ne . At an inj e ction p r es s l re of 100 pounds 
per s qua r e inch the indiVidual fuel dro p3 we r e visible and 
the s p r a y cone-ang le was indef init e . n~e~ the injection 
pr essure was increased t o 500 pound s pe r squ a re inch, the 
numbe r and size of the visibl e dro~ s dec r eas e d and th e 
c one-ang l e was 12°. Th e spray ap pears t o be bett e r dis -
tributed an d atomized . When the spray - c n a m-oer air de::ls i ty 
was incr eased from at mospheric to 0 . 32 5 E ound pe r square 
inch, th e con e angle wa s ~ncreased to 15 and the distri -
bution and atom~ :'ation we r e apparently still further i m-
prov ed . r he a pp earance ~f the sprays wi th fuel o il was 
similar to those obtained with ga soline . 
Enla r g eme nts of photographs of the ga soline sprays 
are s hown in Fi gure 4 . At the inj e cti on p r essure of 10 0 
pounds pe r pquare i n c h the spray c ons is t ed of a cen tral 
cor e of ~ ~ div~dual d ro p s surround ed by an e nvelope of 
dr ops of di t f ~ re~t s iz es . The l a r g e ind istinct drops are 
p r obabl y ca Q~ dd by smaller drops out of focus . At t he 
in j e ct ion prEss~re of 300 p oun d s p e r s~~are inch th e re 
are a few inCl.lvidual dr op s vi sible on the e dge of the 
spray, but most o ~ the spray app ea rs to b e we ll atom i z e d . 
Th e cone- anGle with th e ga so li n e was 3 0 to 4 0 g r eate r than 
with the fuel oil . 
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Fi gures 5 and 6 show th e a ff e ct of injection pressure 
and of the check valve on the penetration of the 'sprays 
f r0 8 a 0 .020- inch orifice. The penet r at ion .was in each : . 
case g r e B.ter without th e ch e ck v a lv e ( 0 p oun d p er square.· 
inch valve- opening p r essur e ) than wi th the c he ck v a lve . 
In ea ch figure tbe curve for 100 p ounds pe r square inch 
inj ect ion p ressure with the check valve in the lin e is 
considerably less than t ha n the pene tration u nder the oth er 
conditions . This decrease in pe netrati on is caus ed by 
the opening pressure of t h e c he ck v a lv e be ing g reat e r than 
t ~ e inj e ction p res sure n aintained in th e hi gh-pr.essure 
reservoir . (See also reference 5 .) For th ese condition s, 
lnde r :wh ich curves A- wer e otta ined, the s p ray c ons.i s t e d 
of a stre a m of drop s . Wit h the excep tion o f the 1 0 0 pounds 
per square inch inj e ction pressure, t he penetration of 
t h e fuel oil was s lightly g reater than that of th e gas -
olin e . (See also refer e nce 6 . ) The v alue s of pene tra~ion 
comp a r e fa vor a bl y vl ith those obt ained at much h i ghe r i Yl -
jection p res sures . (Re f er e nc e 7.) 
F i Gu r es 7 an d S s h ow t he effect of inj ect ion p res-
s u r e 'on ' the penetra tion of fuel oil and gas ol ine sp'ray s 
fro m an 0 . 0 08- inc ~1. orific"e and a 0 . 020-inch orifice. As 
b e fore , " the p e ne t r at ion increa sed wit h the injection pres-
sure and decreased when th e check valve was placed in the 
lL."le . CO I!lpa ring the figures, it is s e e n tllat t he penetra-
tion of the gasoline was in so me cases g r eate r than that 
for t ~"le fuel oil wh en the c he ck v a lve was not in the lin e . 
(See r e ferenr.e 6 . ) This was p ro bab l y caused by the dif-
fer e nce in the flow co n dition s through the orifice with 
th e t wo fuels . Wit h t he 0 . 0 2 0 -ihch orifice the Reynolds 
Number of the flow c on d ition s t h r ough the orifice ~as 
g r eater than 2 , 000 fo r both fuels. With th e O . OOS - inch 
o r i fic e and fuel oil, the Reyn old s Number was g reater than 
2 , 000 on l y for t~e pressures g reater than 1 00 p ounds pe r 
s q"l.ar e inc1 , but rJi th the g a sol in e as th e fue 1 the Reyn-
olds Numbe r was g re a te r than 2 , 00D for all the injection 
pr es s u res t ested . Co nsequen tl y , with the geso line the 
floTI th r ough t~ e orifice was well with in the tur bu l ent 
ran .; e for all t he test condit io ns ; w~"l:ile vrith fuel oil the 
flo ':7 '" as t u r b11 1 en t wit h t l"l e O . 0:2 0 - in c1 0 r i f ic e a tall the 
p re ssu r es tested, but wi th the O. 00 3 - inc h orifice the 
flow change d from semi t u rbu lent to turbulen t . As th e flow 
condit~ons ~ ith t h e fuel oil and the 0 . 0 0 8- i nch orifice 
di f fe red, a d ir ect co mparison from th e standp oin t "of fuel 
d ensities can no t b e mad e be t ween Fi gu res 7 and 8 . 
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When the chamber air clens .it t' was increased f rom atmos-
pheric to 0 . 325 pound per ' cubic foot ( fig. 9) , th e lighter 
fuel pene trated the g reater distance, although the penetra-
tion with .either fuel was · les s t han that obtained at atmos-
pheric air density.T~e · greater:~ene~~atioti :was probably 
caused . as before, by the change in the flow cO~~itions. 
Co n c lusions 
The following conc l usions are d r awn f r om the test 
results p res e nted: 
1. I nj e ction pressures be l ow 500 pounds per square 
inch give penetration rates comparable with the rates ob-
tained wit~ h i gher injection pressures. 
2 . Atomization is very poor with 100 pounds per 
square inch injection ~re~sures , but appears to be fair ' 
with 400 and 500 pounds per square inch injection pressures. 
3 . Atomization and penetration rat e s change lit tle 
with orifice size . 
4 . The penetration rate decreases as the density of 
the air into which th e fuel is inj e cted is increased. 
5 . Gasoline and fuel oil give about the same penetra-
tion rates a nd external spray appearance . 
Lan g ley Memorial Aeronautical Laboratory, 
National Advisory Committe e for Ae ronautics, 
Lang ley Fi e ld, Va . , Novenber 4 , 1931 . 
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